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The interferometer development has received the  major port ion of the  
e f f o r t  of the  laboratory,  The study of s t e l l a r  r e f r ac t ion  a s  a meteorolog- 
i c a l  s a t e l l i t e  technique i s  now being funded separa te ly  from t h i s  contract  
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This  the 6 th  quar te r ly  status repor t  on Contract No. NASr-%( O 3 ) ,  
covering the  period May 1, 1964 t o  Ju ly  31, 1964. 

The pro jec t  e f f o r t  during t h i s  quarter  was divided among the  following 
tasks .  

1, Iaboratory Test ing of Radiation Measuring Instruments 

2. Analysis of Data Obtained on Previous Balloon Fl ights .  

3 .  Design and Construction of Equipment f o r  the Next Balloon F l igh t  

4. Analyt ical  Study of Atmospheric Radiation Processes 

3 .  Development of an Infrared Interferometer f o r  Spacecraft  Use 
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Eand i s  therefore  no longer reported on under t h i s  contract .  

1. Laboratory Test ing of Radiation Measuring Instruments 

Additional ca l ib ra t ions  of t h e  NIMBUS MRIR radiometer were made with 
the  hemispherical cav i ty  r ad ia t ion  source . 

Other laboratory tests included measurements of t h e  r e f l e c t i v i t y  and 
t ransmiss iv i ty  of Styrofoam mater ia l  which is used f o r  insu la t ion  and as a 
r e f l e c t o r  f o r  s o l a r  rad ia t ion  on the high a l t i t u d e  balloon f l i g h t s .  z 

b 
! 

2. Analysis of Data Obtained on Previous Balloon F l igh t s  

The ana lys i s  of the  26 June, 1963 balloon f l i g h t  data  continued. 
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The processing of NIMBUS MRIR channel IV data was completed. 

Some TIROS radiometer channel I and channel I V  data has been processed, 
bu t  is  unsat isfactory since the ca l ibra t ions  are s t i l l  i n  doubt. 

A small amount of the a i r c r a f t  f l i g h t  t e s t  data have been processed. 
Instrument temperatures f o r  f l i g h t  8006 have been obtained. 

3 .  Design and Construction of Equipment f o r  the  Next Balloon F l i g h t  

On the next balloon flight, it w i l l  be necessary t o  control  the operat- 
i n g  temperatures of each of the  radiat ion instruments used. Since it appears 
t h a t  t h e  desired operating temperatures w i l l  not be the  same f o r  each ins t ru-  
ment, t h i s  temperature cont ro l  problem may be a d i f f i c u l t  one t o  solve. 

I n  order t o  obtain some data which can be applied t o  the  thermal de- 
s ign of the  next balloon gondola, an environmental t es t  was run on thermal 
models of th ree  of the  instruments which w i l l  be flown, the  SIRS and JPL 
spectrometers and The University of Michigan inf ra red  interferometer. 
environmental t e s t  w a s  run i n  June. 

This 

The construction of the new balloon gondola and of the e l e c t r i c a l  con- 
t r o l  equipment t o  be used on the next balloon f l i g h t  w a s  completed i n  June, 
and t h i s  equipment was prepared f o r  a second environmental t es t  t o  check the  
thermal control  system which has been designed by t h e  Weather Bureau f o r  the 
SIRS spectrometer. 

Most of the new ground s t a t i o n  equipment needed f o r  the next balloon 
f l i g h t  has been received. A l l  of the new discriminators have now been re-  
ceived as w a s  the  Ampex CP-100 tape recorder which has been loaned t o  us 
JPL. 
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The airborne telemetry chassis i s  not ye t  complete. Twenty used EMR 
model 171 VCO's  were received and t e s t s  are now being made t o  see i f  they can 
be modified t o  meet our requirements . 
4. Analytical  Study of Atmospheric Radiation Processes 

The a n a l y t i c a l  study of atmospheric rad ia t ion  processes continued. 

F i r s t ,  an e f f i c i e n t  technique su i tab le  f o r  use as a computer subroutine 
has been developed f o r  the calculat ion of an absorption coef f ic ien t  when 
both Doppler and c o l l i s i o n  broadening must be considered, A note descr ibing 
t h i s  technique has been submitted f o r  publication i n  the  Journal of Quantita- 
t i v e  Spectroscopy and Radiative Transfer. 
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Secondly, work has continued on the calculat ion of t ransmiss iv i t ies  f o r  
atmospheric s l a n t  paths i n  the 15 micron C 0 2  band, A method f o r  the elimina- 
t i o n  of the Curtis-Godson approximation has been developed f o r  Lorentz and 
mixed Doppler-Iarentz broadening. A subroutine f o r  the  evaluation of the 
r e s u l t i n g  i n t e g r a l  was wri t ten.  

5.  Development of an In t ra red  Interferometer f o r  Spacecraft Use 

The development of t h e  infrared interferometer proceeded a t  a very 
r a p i d  r a t e  during t h i s  work period. The operation of the f i r s t  mirror drive 
system w a s  demonstrated i n  June 2, a second improvedmirrordrive system was 
del ivered t o  Goddard Space F l ight  Center on Ju ly  7, and an operating bread- 
board interferometer was demonstrated on Ju ly  23- The mirrordr ive system on 
t h i s  breadboard w a s  operated open loop and thus successfully demonstrated 
only the mechanical port ion of t h e  mirror drive system, 

T h i s  instrument did not meet the desired spec i f ica t ions  i n  the  follow- 
ing  respects:  

a, The reso lu t ion  was about 9 cm-1 instead of the 5 cm'l desired.  

b,  The I , R ,  s i g n a l  t o  noise r a t i o  was about 250:l instead of the nec- 
essary 1700:l. 

c. The 3852 A" s i g n a l  f o r  monitoring the mirror drive and cont ro l l ing  
the  data  sampling had an amplitude of 10 microvolts 
1 m i l l i v o l t  de s i r e  d 

instead of t h e  

The i n f e r i o r  reso lu t ion  indicated above was due t o  the t i l t i n g  of t he  
mirror o n i t s  spr ing mounting f o r  displacements grea te r  than 1.5 mm. 
tensive e f f o r t  aimed a t  the development of a more s a t i s f a c t o r y  spr ing system 
has been s ta r ted .  

An ex- 

It appears t h a t  the  beam s p l i t t e r  i s  the port ion of the instrument which 
i s  the l i m i t i n g  f a c t o r  f o r  both the I - R  and 5852A" signals .  The 1/4 inch 
KBr beam s p l i t t e r  used w a s  f l a t  t o  within about 4 microns and had a germanium 
coating applied on the  b a s i s  of empirical  tests made i n  our laboratory.  
is  f e l t  t h a t  a considerable improvement i n  s igna l  can be obtained w i t h  an i m -  
proved beam s p l i t t e r .  
s p l i t t e r  design. Thicker KBr plates  which can be made wi th  improved f l a t n e s s  
w i l l  be used, and methods of improving the germanium coating w i l l  be pursued, 

It 

An extensive e f f o r t  w i l l  be made t o  improve the beam 

The s t a t u s  of the development work on the various components and processes 
which go i n t o  the making of a completed interferometer are as follows. 
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The status of the  beam s p l i t t e r  i s  given above, The s p e c t r a l  ref lectance 

Anti- 
of a s e r i e s  of KBr and I r t r a n  I V  plates  wi th  germanium coatings of various 
thickness has been s tudied t o  obtain design data f o r  the  beam s p l i t t e r ,  
r e f l e c t i o n  coatings have a l s o  been studied, 

The detector  module used on the s c i e n t i f i c  breadboard consisted of a 
KBr l e n s  and a germanium immersed detector,  An improvement i n  s i g n a l  t o  noise 
r a t i o  f o r  the I-R s i g n a l  i s  expected from a new detector  module which i s  being 
developed, 
t o  be made by O.C,L,I,) an Estman Kodak KRS-5 l e n s  and a Barnes thermister 
de tec tor ,  It w i l l  be assembled here at The University of Michigan, 

This detector  module w i l l  use a r e f l e c t i v e  l i g h t  cone (which is  

Pre-amplifiers have been ordered from both Barnes and the Ithaco Co. 
Noise f igure  measurements made here indicate  t h a t  they are equally good. 
Twelve Ithaco amplif iers  have been ordered f o r  fu ture  use, 

Interferometer data processing a c t i v i t y  includes the d i g i t i z i n g  and 
ca lcu la t ion  of spectra  from simulated interferograms, The d i g i t i z i n g  was 
done on equipment avai lable  i n  t h e  Department of Meteorology. 

Although the interferometer has not  y e t  been developed t o  the  point  
where accurate ca l ibra t ions  a r e  necessary, the  ca l ibra t ion  process has been 
considered and equipment has been ordered, 

The mechanical port ion of several  mirror drive systems have been b u i l t  
and tested and, a s  noted above, addi t ional  work must be done on t h i s  problem. 

The e l e c t r o n i c  c i r c u i t r y  necessary t o  have a "closed loop" servomechanism 
mir rordr ive  system w a s  a l s o  under development during t h i s  period, 
ing  mode power amplif ier  and a s table  high-speed high input impedance 
t i o n a l  amplif ier  c i r c u i t  were developed. A scheme f o r  comparing the  tuning 
Tork clock s igna l  wi th  the  585s"  interferometer s i g n a l  and f o r  generating 
an e r r o r  s i g n a l  t o  use i n  the servo-drive was considered and then abandoned 
i n  favor  of a pos i t ion  cont ro l  scheme using a d i f f e r e n t i a l  transformer as a 
pos i t ion  sensing device. 
f e r e n t i a l  transformer scheme w a s  constructed and tested. 

A switch- 
opera- 

A mirror drive servo loop incorporating t h i s  dif-  

6. Report Writing 

Two sect ions of a repor t  on t h e  interferometer spectrometer were written. 
The repor t  w i l l  be wr i t ten  a t  Goddard Space F l ight  Center and the  p a r t s  of 
the  sect ions wr i t ten  here w i l l  be incorporated i n t o  the Goddard report .  


